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INTRODUCTION 


Smith  and  Purcell'''  have  demonstrated  that  an  electron  beam  traveling 
close  to  a  metallic  grating,  parallel  to  the  surface  of  the  grating,  and 
perpendicular  to  its  rulings  will  emit  electromagnetic  radiation.  They  ob¬ 
tained  for  the  fundamental  wavelength  of  the  radiation 

x  =  d(^-  -  cose )  (1) 

where  d  is  the  grating  spacing,  v  is  the  speed  of  the  electron,  c  is  the 
speed  of  light,  and  0  is  the  angle  between  the  direction  of  motion  of  the 
electron  and  the  emitted  ray. 

Recently,  the  Smi th- Purcel 1  effect  has  generated  a  large  interest  to 
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many  workers  because  it  has  shown  much  promise  in  the  tunable  laser 
technology.  Sources  of  tunable  coherent  electromagnetic  radiation  are 
highly  desirable  in  application  of  many  areas  in  applied  physics,  e.g., 
radio-isotope  separation,  plasma  physics,  and  Intelligence  Surveillance 
and  Target  Acquisition  (ISTA). 

The  Free-Electron  laser,  based  on  the  Smith-Purcell  effect,  shows 
promise  of  a  truly  tunable  laser  because,  in  principle,  any  wavelength  can 
be  obtained  by  merely  changing  the  velocity  of  the  incident  electron,  how¬ 
ever,  the  proper  choice  of  grating  spacing  must  be  taken  into  account. 

The  fxiipobe  oh  the  ncbeaich  was  to  hive*  Ugate  the  h^-ebltlttj  oh  a 
Smith-Puticell  tijpe  Fxce-Electxon  Cabei  bij  ubing  ejection  enexgij  lobb  tech- 
niqueb.  A  no  n  -  fie  Ealivib  tic  election  beam  was  passed  ovel  and  clo  sc  to  the 
buxhace  (>h  a  metallic  g  noting ,  joanallel  to  the  bai^ace  oh  the  gnating,  and 
pcApouUcutan  to  itA  nnJLinqb.  Mea.bunementb  oh  the  cnengij  tab s  oh  the  elec¬ 
tion  beam,  ahteA  tnaveiAlng  the  gnatlng,  we  Ac  meabune.d  and  compared  idth 
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the  predicted  cncjvgy  Ioaa  due  to  nadladlon.  The  election  enetigy  loss 
mezAuAcmcnt  should  give  a  (Wiect  mejeuuAe  o&  the  Kadlatlve  e^l clency  ofa 
this  type  0&  device. 

THEORETICAL  BACKGROUND 

The  energy  loss  of  an  electron  beam  that  traverses  a  metallic  grating, 
parallel  to  its  surface  and  perpendicul ar  to  its  ruling  was  studied  as  a 
function  of  the  energy  of  the  incident  electron  beam  and  as  a  function  of 
the  geometrical  configuration  of  the  grooves  of  the  grating.  The  parameters 
and  information  from  this  study  are  very  important  in  the  design  of  a 
Smith-Purcell  Free- El ectron  laser. 

An  estimate  of  the  time  average  of  the  total  rate  at  which  the  energy 
of  a  moving  charged  particle  is  converted  into  radiation  as  it  moves  across 

g 

the  grating  is  given  by  the  expression 

/dw\  Tt^e^c  _  ers  (2) 

dT  75  d2  (1  -  b2)2  SeC 

y 

where  e  is  the  electronic  charge  and  (?  =  — . 

This  expression  was  obtained  from  a  harmonic  analysis  of  a  zig-zag 
path  similar  to  the  contour  of  a  typical  optical  grating  which  yields  d/20 
as  the  amplitude  of  the  fundamental  oscillation,  and  from  the  classical  for¬ 
mula  for  the  time  average  of  the  total  rate  of  radiation  from  an  accelerated 
charge  instantaneously  at  rest. 

q 

Choosing  0  =  90  in  Equation  (1),  and  making  the  assumption  that  the 
total  rate  of  radiation  should  be  about  four  times  the  rate  of  radiation  in 
the  first  harmonic^,  the  combination  of  Equations  (1)  and  (2)  gives  the  ex¬ 
pression  for  the  conversion  of  electron  energy  into  electromagnetic  radiation 
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per  unit  electron  path  as 


-j-  a  4  2 

/dw<_  4tt  e  b  erg 

dx  75x2  (l  -  e2)2  cm 


(3) 


As  can  be  seen  from  Equation  (3),  the  efficiency  of  the  conversion  of  elec¬ 
tron  energy  into  radiation  increases  with  increasing  B  and  decreasing  A, 
and  decreases  with  decreasing  B  and  increasing  A. 

Consider  a  typical  optical  grating  (600  lines/nm)  which  gives  a  grating 
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spacing  of  approximately  1.7  x  10  cm.  If  the  kinetic  energy  of  an  electron 
is  25  KeV,  the  corresponding  wavelength  (x  =  dB_1)  would  be  '5.48  x  l0-4cm 
(infrared).  The  corresponding  electron  energy  loss  estimated  from  Equation 
(3)  would  be  ~0.94eV/cm  which  would  not  be  difficult  to  observe. 

For  a  frequency  230Ghz  (A  =  1.3mm),  the  energy  loss  for  a  25  KeV  elec¬ 
tron  (g  =  0.31)  and  a  grating  spacing  of  0.4mm  would  be  approximately 
1.7  x  10’7eV/cm.  This  loss  value  would  be  much  too  small  for  us  to  observe. 

Even  if  a  1  MeV  electron  (b  =  0.89)  and  a  grating  spacing  of  1.16mm  were 

-4 

considered,  the  energy  loss  would  only  be  roughly  10  eV/ cm. 

However,  the  electron  energy  losses  based  on  beam  and  grating  parameters 
obtained  in  the  infrared  wavelength  range  can  be  extrapolated  to  the  near- 
mi  1 1 imeter-wavel ength  region,  and  would  be  useful  in  obtaining  optimum  con¬ 
ditions  for  the  operation  of  a  Free- El ectron  laser  (Orotron)  as  the  one 
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developed  by  Leavitt  et.  al.  at  Harry  Diamond  Laboratory. 


EXPERIMENTAL  SET-UP 


The  electron  scattering  apparatus  that  was  used  to  measure  the  electron 

energy  loss  of  the  beam  due  to  radiation  has  been  described  previously  by. 
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Marton  and  Simpson  and  Mendlowitz\  The  data- recordi ng  system  has  been 
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described  previously  by  Speller  .  The  electron  scattering  apparatus  has  five 
basic  components:  (1)  tele-focus  electron  gun;  (2)  specimen  chamber;  (3)  de- 
celerator;  (4)  magnetic  velocity  analyzer;  and  (5)  accelerator.  The  data- 
recording  system  is  a  photomultiplier  detector  coupled  with  a  multichannel 
analyzer  and  a  micro-computer. 

RESULTS  AND  DISCUSSION 

The  electron  beam  was  passed  over  an  optical  metallic  grating  (600 
lines/mm)  and  the  loss  spectrum  obtained  is  shown  in  Figures  (1)  and  (2). 

The  loss  peak  values  were  determined  to  be  between  '(1.8  -  1.9  ev)  for 
kinetic  energies  of  the  incident  electrons  at  20  KeV  -  25  KeV,  respectively. 

From  Equation  (3),  in  the  previous  section,  we  see  that  if  the  kinetic 
energy  of  an  electron  traversing  this  particular  grating  is  25  KeV,  the  es¬ 
timated  electron  energy  loss  should  be  '0.94  eV/cm.  The  width  of  the  grating 
used  was  2.6cm,  thus  giving  a  loss  estimate  of  '2.4  eV. 

Because  of  the  fact  that  our  measured  loss  values  are  in  fair  agreement 
with  the  predicted  values,  and  because  they  completely  disappear  when  the 
grating  is  moved  away  from  the  beam,  we  strongly  feel  that  the  loss  peaks  ob¬ 
served  are  due  to  the  grating.  However,  more  data  and  other  related  energy 
loss  experiments  are  necessary  for  confirmation  and  for  a  full  understanding 
of  the  loss  mechanism  of  this  type. 

We  checked  to  determine  if  there  was  a  surface  plasmon  loss  for  gold  in 
the  energy  region  2.0  eV.  From  previous  electron  energy  loss  measurements 
of  gold  made  by  Speller,  no  loss  was  observed  in  this  energy  region. 

Numerous  attempts  were  made  to  reproduce  these  results,  however,  we  ■ 
failed  to  see  the  "loss  effect"  again.  Different  metallic  gratings,  as  well 
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as  the  original  grating,  were  used,  yet  the  electron  energy  loss  spectrum 
still  could  not  be  reproduced.  We  must  note  that  the  passage  of  the  elec¬ 
tron  bean  parallel  to  the  surface  of  the  grating  and  at  the  proper  distance 
above  the  grating  (glazing)  are  critical  factors  in  observing  the  "loss 
effect."  Many  adjustments  were  made  before  the  electron  energy  loss  spectrum 
was  measured  the  first  time. 

We  have,  not  yet  given  up  on  thiA  experiment  became  we  believe  that 
energy  iom  spectrum  obtained  iA  real.  With  an  improved  method  of,  adjuAting 
the  beam  relative  to  the  surface  of  the  grating,  and  modification  in  the 
detection  and  data  acquiAition  systems,  hopefully,  the  re\yroducibility  of 
the  energy  loss  spec.trum  can  be  obtained.  We  feel  thiA  type  of  information 
iA  very  important  and  could  have  significant  impact  on  the  Strategic  VefenAC 
initiative  ISD I)  program. 
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